Background and Aim: The rendezvous postoperative endoscopic retrograde cholangiopancreatography (ERCP) technique has been introduced as a modification of the single-session rendezvous intraoperative ERCP procedure in the management of concurrent common bile duct stones during cholecystectomy. There are no reports on the impact of this modified technique on post-ERCP morbidity. The objective of the present study was to study and compare the rendezvous techniques in terms of procedure-associated morbidities, such as post-ERCP pancreatitis and postoperative infections.
Methods:
The Swedish National Registry for Gallstone Disease and ERCP was searched for ERCP procedures cross-matched with cholecystectomies for the same patient carried out for gallstone indications between 2008 and 2014. A total of 1770 rendezvous ERCP procedures were retrieved and included in this study. The ERCP procedures were considered rendezvous intraoperative or rendezvous postoperative, depending on whether the ERCP procedure was carried out during or after completing the cholecystectomy.
Results: There were 1205 and 565 ERCP procedures in the rendezvous intraoperative and the rendezvous postoperative groups, respectively. The cohorts were similar in age and gender distribution. Overall complication rates were higher in the rendezvous postoperative group compared with the rendezvous intraoperative group (19.7% vs 14%, P = 0.004), involving specifically post-ERCP pancreatitis (6.4% vs 3.2% P = 0.003) and postoperative infections (4.4% vs 2.3% P = 0.028). Despite similar stone clearance rates, there were higher rates of retained stones in the rendezvous postoperative group (5.5% vs 0.6%, P < 0.001).
Conclusions: Single-session rendezvous intraoperative ERCP is superior to the rendezvous postoperative ERCP technique in terms of post-ERCP pancreatitis and postoperative infections.
INTRODUCTION
E NDOSCOPIC RETROGRADE CHOLANGIOPAN-CREATOGRAPHY (ERCP) is the most common method worldwide to treat common bile duct stones (CBDS). 1 There are still controversies regarding the timing of the ERCP procedure with regard to cholecystectomy; 2 however, ERCP carried out before cholecystectomy is the most commonly used approach worldwide. 3 The rendezvous (RV) intraoperative (RVIO) ERCP with transcystic guidewire-assisted cannulation technique has emerged as a promising single-session alternative. A major reported advantage of the RVIO technique is the association with less pancreatic injury caused by the ERCP. [4] [5] [6] [7] [8] However, some disadvantages have been attributed to the single-session RV technique in general, mainly logistical problems resulting from difficulties in arranging and carrying out RVIO procedures in the operating room and the inability to collaborate with endoscopy on demand. 8 In addition, technical difficulties in passing the transcystic guidewire through the cholangiography catheter into the duodenum have been reported with rates of up to 19%. 5, 9 Consequently, to cope with the logistical obstacles, some modifications of the RVIO technique have been introduced in Sweden over the last few years. Most commonly, the modified rendezvous postoperative technique (RVPO) uses an antegrade guidewire introduced through the cystic duct in the same way as the RVIO technique, but, instead of proceeding with ERCP, the surgeon leaves the guidewire in place and anchors it with laparoscopic clips on the cystic duct. The cholecystectomy is completed, and the patient is scheduled for ERCP usually within a day or two. Thus, in theory, the technique is still considered to be advantageous for selective biliary cannulation and for minimization of pancreatic trauma. Although low post-ERCP pancreatitis (PEP) rates and short hospital stays have been reported in connection with the single-session RVIO ERCP technique, 4, 5, 7, 10 the corresponding figures with the RVPO ERCP are not reported. The objective of this nationwide registry-based study was to evaluate and compare the two rendezvous techniques in terms of procedure-associated morbidities and stone clearance rates.
METHODS

Study design and ethics
A NATIONWIDE REGISTRY -based study was conducted based on prospectively collected data from the National Swedish Registry for Gallstone Surgery and Endoscopic Retrograde Cholangiopancreatography (GallRiks). To study the current management of CBDS in Sweden before, during, and after cholecystectomy, a dataset for the years 2008-2014 was retrieved that consisted of ERCP procedures carried out up to 30 days before and after cholecystectomy on the same individual. Furthermore, ERCP procedures that were carried out by the RV technique (a registration parameter) were included in this study; ERCP procedures not carried out by the RV technique were excluded (Fig. 1) . The Regional Ethical Review Board in Stockholm approved the study (reference number: 2015/ 297-31/2, approval date 11 March 2015) . No patient consent was required due to the nature of the study.
Study outcomes and variable definitions
Each cholecystectomy and ERCP record, including the patients' demographic and procedure-related data, is registered in GallRiks at the time of the procedure. Primary outcomes, PEP, and postoperative infections were extracted from the 30-day complication registration at GallRiks. Secondary outcome, stone clearance, was obtained from the ERCP records. PEP is registered as typical abdominal pain, accompanied by serum amylase levels >threefold the upper normal limit more than 24 h after the ERCP, and by the need for hospitalization. 11 Postoperative infections are defined as infections including deep abscesses (not cholangitis) requiring intervention or antibiotic therapy. A bile leak is defined as the presence of bile in the abdomen requiring therapeutic measures. Presence of CBDS postoperatively causing biliary obstruction and requiring intervention is referred to as retained stones.
National Swedish Registry for Gallstone Surgery and Endoscopic Retrograde Cholangiopancreatography
The registry was established in May 2005, and the number of surgical units connected to GallRiks increased from 26 in 2005 to 72 in 2011. In total, coverage was estimated to be above 85% in 2011 and included close to 90% of all cholecystectomies and ERCP procedures in Sweden. The 30-day follow-up registration is estimated to be complete in up to 95%. The registry is subject to continuous external validation of all participating hospitals. Randomly selected records from GallRiks at each surgical unit are compared with the medical records by independent observers. Results of the national coverage and validation process are published in annual reports. 12, 13 Rendezvous ERCP technique When CBDS are detected by intraoperative cholangiography during cholecystectomy, an antegrade (0.035″ or 0.025″ double-ended) guidewire is inserted by the surgeon through the cholangiography catheter and advanced through Vater's papilla into the duodenum. Simultaneously, a duodenoscope is passed into the duodenum, and the guidewire is caught with a polypectomy snare and pulled gently through the working channel of the duodenoscope. The guidewire is then used for the subsequent cannulation of the CBD (Fig. 2 ). In the rendezvous postoperative technique, the guidewire is passed through the cholangiography catheter down to the duodenum, and the position is controlled by fluoroscopy. The guidewire is then anchored moderately firmly by two cystic duct clips to allow the guidewire to be withdrawn at the time of the subsequent ERCP session. The cholecystectomy is completed, and the guidewire emerging through a laparoscopy port is kept in place by a bandage over the abdomen. The ERCP is carried out within the next 2 days at the endoscopy suite (Fig. 3) . After advancing the duodenoscope into the papillary region, the cannulation is assisted by catching the existing guidewire and a sphincterotomy is carried out. In a number of hospitals, the cannulation process is achieved by a second guidewire sliding in beside the existing guidewire. Both these cannulation techniques (over-and beside-the-wire) together with eventual pancreatic duct cannulation during the ERCP procedure are variables registered in GallRiks and are used in the analysis.
Statistical analyses
Continuous variables are presented as means and standard deviations (SD). Not normally distributed variables are presented as median and range, and categorical variables as frequencies. Pearson's chi-squared test was used to compare the categorical variables except in the case of small frequencies for which Fisher's exact test was used. Twosample t-test was used to compare the means of two continuous variables. To compare not normally distributed continuous variables, the Mann-Whitney U-test was used. Multivariate logistic regression was used to analyze the association between the rendezvous technique and primary outcome variables. Results are presented as odds ratios (OR) with their 95% confidence intervals (CI). Choice of the independent factors in the multivariate regression model was based on their clinical relevance. The PEP multivariate model was adjusted for potential confounding factors, including age, gender, duration of the ERCP procedure, center volumes and endoscopists' volumes, pancreatic duct cannulation, and cannulation techniques (over-and besidethe-guidewire). Similarly, the multivariate model for postoperative infections was adjusted for age, gender, use of antibiotics, postoperative bleeding, duration of cholecystectomy procedure, and postoperative bile leak. These variables were entered into the model one by one and subsequently removed if the model was unaffected. Statistical analyses were carried out using Revolution Analytics (Version 1.0.136, © 2009-2016; RStudio, Inc., Boston, MA, USA). P-values <0.05 were considered statistically significant. 
RESULTS
The cohort T HE GALLRIKS DATA yielded 1205 RVIO and 565 RVPO ERCP procedures. During the study period, the number of Swedish hospitals using the rendezvous techniques almost doubled: from 17 to 37 and 16 to 29 hospitals using RVIO and RVPO, respectively. The two rendezvous groups were similar in age and gender distribution. Procedure characteristics are presented in Table 1 . Overall, cholecystectomy and ERCP complication rates occurred in 14.0% of the patients when the RVIO ERCP technique was used, compared with 19.7% of the patients in the RVPO group (P = 0.004). Detailed complications are shown in Table 2 .
Post-ERCP pancreatitis
Overall PEP rate for both techniques was 4.3%. In the univariate analysis, the PEP rate was significantly higher in Figure 2 Single-session rendezvous intraoperative endoscopic retrograde cholangiopancreatography. A guidewire is inserted by the surgeon through the cholangiography catheter and advanced under fluoroscopy guidance into the duodenum. The visible end of the guidewire is caught by the endoscopist using a polypectomy snare. *Cholangiography catheter inserted through cholangiography forceps. the RVPO ERCP group compared with the RVIO ERCP group (6.4% vs 3.2%, P = 0.003). The multivariate PEP model was initially built with the cannulation technique variable (over-and beside-the-guidewire techniques) because of its high clinical relevance. However, in a subgroup analysis with only the over-the-guidewire cannulation technique, the regression model was unaffected, and RVPO technique and pancreatic duct cannulation were still independently associated with increased risk of PEP. Thus, in the final PEP regression model without the cannulation technique variable (Table 3) , the risk of PEP was increased in the case of RVPO technique (OR 2.09, 95% CI 1.27-3.43, P = 0.003) and when pancreatic cannulation was attempted (OR 3.48, 95% CI 1.63-6.85, P < 0.001). Center volumes and endoscopists' volumes were not associated with the risk of PEP.
Postoperative infections
There was a significantly higher rate of postoperative infections in the RVPO group compared with the RVIO group in the univariate analysis (4.4% vs 2.3%, P = 0.028, Table 2 ). In the multivariate analysis, the odds ratio for postoperative infections was doubled for the RVPO technique (OR 2.21, 95% CI 1.04-4.55, P = 0.033). Antibiotic usage during cholecystectomy was associated with lower risk of postoperative infections (reaching statistical significance in the case of antibiotic prophylaxis). However, the operative time of cholecystectomy per se did not influence the risk of causing postoperative infection. Multivariate analysis is shown in Table 4 .
Hospital stay
Although RVIO ERCP was carried out simultaneously during ongoing cholecystectomy, patients in the RVPO ERCP group had their procedure done with a median of 1 day after the index cholecystectomy (P < 0.001). Patients stayed longer after the ERCP procedure in the RVPO group compared with the RVIO patients (2 vs 3 days, P =<0.001).
Stone clearance
There was a higher rate of negative cholangiographic findings (no stones found) in the RVPO group compared with the RVIO group (20.5% vs 11%, P < 0.001). Based on the opinion of the reporting endoscopists, the reported stone clearance rate did not differ between the groups. In the reported 30-day follow up, however, there was a higher rate of retained stones in the RVPO group compared with the RVIO group (5.5% vs 0.6%, P < 0.001). Results are shown in Tables 2 and 5 .
Cannulation
Cannulation by means of using the beside-the-guidewire technique was practiced more frequently in the RVPO group (P < 0.001).
DISCUSSION
T HIS NATIONWIDE REGISTRY -based study comparing the two rendezvous ERCP strategies for managing concurrent CBDS during cholecystectomy demonstrates the superiority of the rendezvous intraoperative technique in terms of post-ERCP pancreatitis and postoperative infections. In addition, the single-session rendezvous intraoperative ERCP shows important advantages, such as a shorter hospital stay and less need for reintervention as a result of retained CBDS. A well-known and fundamental advantage of a "genuine" RV is the selective and facilitated cannulation of the bile ducts by a sphincterotome inserted over the guidewire, which avoids pancreatic duct cannulation and minimizes the risk of PEP. 4, 5, 7, 10, 14 The previous literature 7 confirms the increased risk of PEP caused by unintentional pancreatic duct cannulation, irrespective of the cannulation technique used. Presumably, the contributing factor to the higher PEP rate was more frequent use of beside-the-guidewire cannulation in the RVPO technique, with the resulting pancreatic duct cannulation. In a previous nationwide GallRiks study, the authors reported a PEP rate of 4% after ERCP procedures carried out for CBDS. The same study reported a reduction in PEP rate from 3.6% to 2.2% when the RV technique was implied. 4 Similarly, a single-center study of the RV technique by the authors reported a PEP rate of 0.4%. 5 However, the present study reports a higher PEP rate in the RVIO technique compared with what was reported earlier by the authors. The involvement of a large number of surgical units and endoscopists throughout Sweden adopting the RV technique, together with their respective learning curves, might have contributed to the high PEP rate. The overall reported complication rates in this study are the combined rates for both the cholecystectomy and the ERCP procedures and include both urgent and elective cholecystectomies.
Although no statistical differences could be shown between the rates for postoperative bleeding and bile leak between the study groups in the univariate analysis, the present study indicates higher rates of postoperative infections associated with the RVPO technique. However, minor bile leak postoperatively caused by the presence of the guidewire and eventually the loosely applied cystic clips could have contributed to the increased risk of postoperative infections in the RVPO group. In contrast, the present study could not demonstrate a significant association between the time interval from the cholecystectomy to the ERCP procedure and the risk of postoperative infections. In this context, it is important to emphasize that the reported rates of bile leak and postoperative infections are those that occurred within 30 days of the index procedure. An increased rate of retained stones in the RVPO group could have contributed to bile leak caused by a "blowout" at the cystic duct level, especially if the cystic clips were loosely applied. In contrast, placing the laparoscopic cystic clips too firmly may contribute to technical difficulties in removing the guidewire during the subsequent ERCP.
As mentioned, although no difference in the reported stone clearance rates could be demonstrated between the studied groups, there was a significantly higher rate of retained stones in the RVPO group. An explanation could be the caution taken by the endoscopist not to dislodge the laparoscopically placed cystic duct clips by the process of stone extraction during the ERCP procedure, resulting in incomplete stone clearance. In contrast, the RVIO technique allows for more thorough stone extraction in the cystic duct, as the clips are applied after the ERCP is completed. The higher rate of negative cholangiographic findings in the RVPO group can be explained by the passage of the CBDS, either spontaneously or because they were dislodged into the duodenum by the guidewire.
The major strengths of the present study are the nationwide and near-complete coverage of the rendezvous ERCP procedures, and the large sample size that limits the risk of random error. Given that the study draws its data from ERCP investigations involving surgical units with different ranges of resources and skills, it is reasonable to believe that the results can be applied to general practice.
Although the RV ERCP technique has recently gained popularity in Sweden, it is unclear if this strategy has developed in the same way in other countries, where most initial studies originated. 8 A crucial prerequisite for carrying out intraoperative ERCP is the use of intraoperative cholangiography to detect CBDS. Routine intraoperative cholangiography is used in more than 92% of cholecystectomies according to the 2015 annual GallRiks report. 15 Because intraoperative cholangiography is not used to the same extent outside Sweden, it is probably still common practice worldwide to carry out preoperative ERCP based on clinical probability assessment. 3 This makes the RV technique generally of less clinical relevance in centers not adopting the technique. In this context, it is also relevant to mention that there is a conceptual confusion in the literature about the definition of "rendezvous" and its clinical applications. 8 The term has been used to refer to the combined laparoendoscopic procedure even when the cannulation technique was not guidewire-assisted. For this reason, the reported results may not be comparable if different "rendezvous" cannulation techniques are used. Passing the guidewire through the bile duct, bypassing the stones, is a crucial step for a successful RV cannulation. Both failure to pass the guidewire and guidewire dislodgement are known and unfortunate drawbacks of the RV technique. 9, 16 Unfortunately, it is not possible to obtain GallRiks data reporting the frequency of failed RV ERCP procedures caused by failure to pass the transcystic guidewire when a conventional ERCP was performed.
In 1997, Huntington and Bohlman described a similar technique in 14 patients. 17 They reported failure to retrieve the guidewire due to guidewire migration in three of five patients. Technical problems such as dislodgement of the guidewire are not registered in GallRiks. To our knowledge, this study is the first to report in detail the rendezvous postoperative technique and its associated complications.
Based on GallRiks, the overall successful cannulation rate for CBDS in Sweden is 95.4%, with no significant differences demonstrated between high-and low-volume hospitals. 6 Together with the reported increased morbidity rates associated with the RVPO technique, this fact is rendering the RVPO technique less favorable in the postoperative setting. However, further investigation is required, as there are no comparative studies between regular postoperative ERCP and the RVPO technique. In conclusion, the present study clearly shows the superiority of the rendezvous intraoperative ERCP over the rendezvous postoperative technique in terms of morbidity and efficacy; therefore, it should be considered the method of choice when rendezvous ERCP is preferred. However, if ERCP must be carried out postoperatively, caution is needed in the choice of method, as RVPO has higher infection and PEP rates.
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